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Abstract
Introduction
Despite well-documented evidence that physical activ-
ity is beneficial to children, average fitness levels of US 
children  have  declined.  Lack  of  physical  activity  has 
been associated with childhood obesity. We evaluated the 
effects of a physical activity program in the elementary 
school classroom on health outcomes.
Methods
Three  schools  in  the  Independence  School  District  in 
Independence, Missouri, were assigned to receive the ABC 
(Activity Bursts in the Classroom) for Fitness program, 
and  2  comparable  schools  served  as  controls.  The  pro-
gram, led by classroom teachers, provides multiple, brief, 
structured  physical  activity  breaks  throughout  the  day. 
Baseline data for the study were collected in September 
2007, and follow-up data were collected in April 2008.
Results
Physical  fitness  measures  of  upper-body  strength, 
abdominal  strength,  and  trunk  extensor  improved  (P 
<.001).  Medication  use  for  asthma  (P  =  .03),  attention- 
deficit hyperactivity disorder (P = .07), or either medica-
tion combined (P = .005) decreased.
Conclusion
The effects of the program on daily physical activity, fit-
ness, and measures of health are beneficial.
Introduction
The  US  Department  of  Health  and  Human  Services 
(HHS) recommends that children and adolescents engage 
in 60 minutes of physical activity per day (1). HHS indi-
cates that meeting this recommendation can improve car-
diorespiratory fitness, muscular strength, blood pressure, 
and can decrease depressive symptoms in children in a 
short amount of time (1). Other studies have also conclud-
ed that physical activity in children and adolescents may 
be positively correlated with academic achievement (2).
Although  the  health  benefits  of  physical  activity  for 
children are well documented, the average fitness levels 
in children in the United States have been declining. This 
may be due in part to declining levels of daily physical 
activity in the school setting and outside of it (3-6). Obesity 
raises the risk for type 2 diabetes mellitus, insulin resis-
tance, heart disease, high blood pressure, metabolic syn-
drome, and other health-related disorders. Type 2 diabetes, 
once uncommon in childhood, now represents 8% to 45% of 
all diabetes reported in children and adolescents (7).
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A nationwide survey found that parents seek ways to 
combat  childhood  obesity  from  schools  more  often  than 
from health care providers and government agencies (8). 
No other institution has as much continuous and intensive 
contact with children (9). Schools can help combat obe-
sity by offering physical education programs and recess, 
healthy  school  meals  and  foods,  health  education,  and 
school health services.
Some experts have argued that meeting the academic 
requirements of the No Child Left Behind Act has forced 
US school districts around the country to choose between 
physical  activity  and  academic  activity  (10).  Existing 
school-based  nutrition  and  physical  activity  programs 
are often resource- and time-intensive and compete with 
teaching.  More  school-based  health-promotion  programs 
are needed that enable schools to fulfill their primary aca-
demic mission (11). In this study, we evaluated the effects 
of a classroom-based physical activity program on physical 
fitness,  academic  performance,  classroom  behavior,  and 
health outcomes of elementary school students. We hypoth-
esized that including this program in elementary schools 
would  improve  the  children’s  physical  fitness,  academic 
performance, classroom behavior, and health outcomes.
Methods
The Independence School District (ISD) in Independence, 
Missouri, collaborated with Yale University’s Prevention 
Research Center to implement and study a nutrition and 
physical activity program for elementary-school children. 
The study protocol and consent form were approved by the 
Griffin Hospital (Derby, Connecticut) institutional review 
board and the Yale University (New Haven, Connecticut) 
human subjects committee. The project aimed to promote 
a healthy lifestyle and reverse the trend of obesity among 
students and their families. The nutrition intervention has 
been described separately (12). The physical activity com-
ponent, ABC (Activity Bursts in the Classroom) for Fitness 
incorporates  brief  bursts  of  activity  in  the  classroom 
throughout the day at the discretion of the teacher. The 
project also features parental education and community 
involvement. We focused on providing a low-cost and sus-
tainable intervention for classroom teachers to integrate 
into the existing school structure.
Developed  with  input  from  experts  in  education,  the 
ABC  for  Fitness  program  encourages  teaching  during 
the activity bursts. ABC for Fitness aims to provide fun 
and  creative  activities  that  are  noncompetitive,  age- 
appropriate,  and  gender-neutral  to  promote  an  interest 
in  physical  activity  among  children  and  increase  their 
behavioral capacity. It was designed to take the time that 
teachers spend getting restless students to settle down, or   
distracted students to concentrate, and convert this time 
into  structured,  productive  bursts  of  physical  activity 
spread  throughout  the  day.  The  bursts  were  conducted 
during  “down  time”  in  the  school  day  to  help  increase 
total daily teaching time. The program was flexible; activ-
ity intensity could be raised or lowered according to the 
athletic abilities and attention spans of the students. The 
program was intended as a supplement to physical educa-
tion programs. Ideally, the activity bursts added at least 
30 minutes of daily physical activity.
Each  activity  burst  had  3  components:  1)  a  warm-up 
that could include stretching or light aerobic activity (eg, 
walking, arm circles, muscle stretching), 2) a core activity 
consisting  of  strength  activities  or  aerobic  activities  (eg, 
hopscotch,  lunges,  squats,  star  jumps,  jogging,  walking 
quickly, hopping, dancing to music, skipping), and 3) a cool-
down similar to warm-up activities, consisting of stretching 
or low-intensity activity. Although teachers were instructed 
to use all 3 components, they were not required to offer a 
particular ratio of strength activities to aerobic activities.
The length and the daily number of activity bursts could 
vary. Several sample activities, class configurations, and 
educator resources were in the ABC for Fitness teacher’s 
manual  (13).  Teachers  could  select  different  options  for 
each  warm-up,  core  activity,  and  cool-down.  They  also 
chose from options to meet their classroom needs, includ-
ing 1) “basic activity bursts” to provide a break between 
classes, meet students’ need to move periodically, and help 
them channel their energy so they can refocus on learning; 
2) “advanced activity bursts” that combine sets of move-
ments into engaging classroom activities and contribute to 
overall fitness; 3) “activity bursts of imagination” that use 
creativity to move in the classroom; and 4) “activity bursts 
for learning and fitness” to facilitate hands-on learning in 
language arts, social studies, music, mathematics, science, 
and health classes.
Subjects
For this study, 1,216 students from grades 2 through 4 
in ISD were asked to participate. Two students dropped 
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ISD  student  population  is  predominantly  white  and 
has few minority students. Overall, 62% of the student 
population  is  eligible  for  free  and  reduced-price  meals. 
Eligibility rates approach 95% in some schools (14), and 
nearly half of the children belong to households receiving 
food stamp assistance. 
The Missouri Department of Elementary and Secondary 
Education reported that 49% of girls and 37% of boys failed 
to  meet  aerobic  capacity  requirements  of  the  Missouri 
Physical Fitness Assessment in 2004 (15), a 10% decline 
for girls and a 2% decline for boys from 2000 state assess-
ment  data.  Physical  activity  levels  in  abdominal  and 
upper-body  strength  and  flexibility  show  a  9%  to  14% 
decline from 2000 figures (15). In a 3-year trend report by 
the Independence Health Department, 28% of ISD adoles-
cents in 2005 reported that they exercised for 20 minutes 
up to 2 times per week, a 19% decline from 47% of these 
adolescents in 2003 (16). The sedentary lifestyle is wide-
spread; more than 55% of ISD students report watching 
television 2 or more hours every school day, compared with 
38%  of  students  reported  nationally  in  the  2003  Youth 
Risk Behavior Survey (17).
Protocol
The  implementation  of  the  ABC  for  Fitness  program 
began in August 2007 when training sessions were pro-
vided  for  classroom  and  physical  education  teachers 
before the start of the school year. Teachers completed a 
pretraining  and  post-training  survey  to  assess  changes 
in  outcomes  such  as  level  of  exercise  literacy,  general 
knowledge  regarding  physical  activity,  and  self-efficacy 
for program implementation. The purpose was to establish 
the efficacy of the intervention in a randomized controlled 
trial. Five schools were randomly assigned to receive the 
intervention or to serve as the control group. The interven-
tion also included a family/parental component in which 
fitness experts helped families learn how to be more active 
together. Schools assigned to the control group continued 
normal curricular activities during the intervention period 
and implemented the program in the following academic 
school  year.   The  inclusion  criterion  for  the  study  was 
parental consent for students in both the intervention and 
control schools.
Parents were sent an information sheet describing the 
study  and  were  asked  to  contact  the  principal  of  their 
child’s school if they chose to have their child opt out of 
participating in the study. Exclusion from the study was 
the result of either a lack of parental consent (in written 
form)  or  the  inability  of  the  child  to  participate  in  the 
physical activity program because of physical limitations. 
Baseline  data  were  collected  in  September  2007  and   
follow-up data were collected in April 2008.
Outcome measures
Height and weight were measured for each child by the 
school  nurse  or  wellness  coordinator  during  a  specified 
time  set  by  school  administrators.  Children  were  mea-
sured fully clothed, except for shoes, and were not required 
to  fast.  A  computerized  body  mass  index  (BMI)  assess-
ment tool, BMIforKIDz (GrowthCharts4Kidz, Ltd, Dublin, 
Ireland) was used to measure and record student BMI. 
Assessment of endurance, strength, and flexibility was 
collected by Fitnessgram (18) in the fall and spring of each 
school  year  (October/November  and  April/May).  Aerobic 
capacity was measured by The Pacer, a 15- or 20-meter 
progressive, multistage shuttle run set to music. Maximal 
oxygen consumption (VO2max) was measured as a proxy 
for  general  fitness  by  using  the  recommended  calcula-
tion based on the number of laps completed and child’s 
age (18). Abdominal strength was measured by curl-ups, 
upper-body strength by 90-degree push-ups, back extensor 
strength by the trunk lift, and flexibility by the back-saver 
sit and reach.
Classroom behavior was assessed by the work and social 
skills component of the ISD progress report for the 2007-
2008 school year. This information is compiled on students 
quarterly.  It  comprises  14  classroom  behavior-specific 
items that are rated on a 3-point scale in which 3 is the 
most desirable score (satisfactory) and 1 is the least desir-
able (needs improvement). The average score of these 14 
items for the first (December 2007) and last quarter (June 
2008) was used to assess behavior before and after the 
intervention for students in the second, third, and fourth 
grades.
Student  use  of  medication  for  attention-deficit  hyper-
activity disorder (ADHD) and asthma were collected by 
school nurses at each school at the beginning and end of 
the intervention period. These data were collected using a 
standardized medication log. No encouragement, sugges-
tion, or guarantee of reduced use of medication for asthma 
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or ADHD in children was given to parents at the outset of 
the study.
Student  attitudes  toward  physical  activity  were  mea-
sured before and after the intervention by using a subset 
of  the  School  Physical  Activity  and  Nutrition  (SPAN) 
Questionnaire.  SPAN  is  a  validated  questionnaire  (19). 
Questionnaire items inquired specifically about physical 
activity.  Parents  of  students  were  asked  to  oversee  the 
completion  of  the  questionnaire  with  their  child.  These 
6 questionnaire items were then summed to form a total 
score; the highest value (ie, 9) was the most desirable.
Academic  performance  was  assessed  by  comparing 
postintervention Missouri Academic Performance (MAP) 
scores of fourth-grade students with their preintervention 
MAP  scores  from  third  grade  (2006-2007  school  year). 
Classroom grades from the communication arts and math-
ematics components of the ISD Progress Report for the 
2007-2008 school year for students in the second, third, 
and fourth grades for the first (December 2007) and last 
(June 2008) quarterly marking periods were also used to 
assess academic performance.
Data analysis
To  assess  groups’  differences  at  baseline  between  the 
intervention and control groups, t tests, Pearson’s χ2 tests, 
and Mann-Whitney tests were used. Repeated-measures 
analysis of variance was used to assess the between-group 
differences for the anthropometric and physical activity 
measures. Pearson’s χ2 was used to assess between-group 
differences for physical activity, medication use, and both 
academic performance measures. Wilcoxon rank sum test 
was used to assess between-group differences in anthropo-
metric and physical fitness measures. The effect of school 
(site) on outcome measures was assessed by using repeat-
ed  measures  and  logistic  regression.  All  analyses  were 
based on intent-to-treat principle with the exception of the 
analysis of physical activity measures, which had a poor 
response rate at follow-up. The statistical software pack-
age SPSS version 15 (IBM, Chicago, Illinois) was used to 
conduct all analyses. All tests were conducted with an α 
level set at .05.
Results
A total of 1,214 students initially enrolled in the study 
— 655 students in the intervention group and 559 stu-
dents in the control group. The same cohort of students 
in each group was measured at follow-up; however, the 
response rates varied on outcome measures (Figure). The 
2  study  groups  were  similar  in  terms  of  demographic 
characteristics: sex (P = .49), grade level (P = .98), and age 
(P = .89); anthropometric measures: BMI (P = .06) and 
BMI percentile (P = .21); use of medication for asthma (P 
= .44) or ADHD (P = .47) or both (P = .29); and academic 
performance: MAP mathematics (P = .14) and communica-
tion arts (P = .22), progress report mathematics (P = .08) 
and communication arts (P = .48)  (Table 1). The study 
groups were not similar at baseline in terms of weight (P 
= .004), aerobic capacity (P <.001), abdominal strength (P 
<.001), upper-body strength (P <.001), trunk extensor (P 
<.001), left-side flexibility (P <.001), right-side flexibility (P 
<.001), classroom behavior (P = .02), and physical activity 
attitudes (P = .05) (Table 1).
 
Figure. Study flow chart, ABC (Activity Bursts in the Classroom) for Fitness 
program. [A text description of this figure is also available.]  
MAP indicates Missouri Academic Performance test.
Improvements in anthropometric measures at follow-up 
in  the  control  group  were  found  to  be  significant  com-
pared with those of the intervention group (weight [P = 
.01] and BMI [P  = .02]) (Table 2). The intervention group 
showed greater improvement in physical fitness than did 
the control group on measures of abdominal strength (P 
<.001), upper-body strength (P <.001), and trunk exten-
sor  (P  <.001).  Greater  improvement  was  observed  in 
the control group compared with the intervention group 
in  right-side  flexibility  (P  =  .03)  (Table  2).  In  logistic 
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capacity (P <.001), abdominal strength (P <.001), upper-
body  strength  (P  =  .05),  and  trunk  extensor  (P  <.001); 
however, it was not found to be a predictor of left-side (P 
= .20) or right-side flexibility (P = .47). School was also 
a predictor of anthropometric measures (P = .03), use of 
medication (P = .01), mathematics performance (P = .004), 
and communication arts performance (P = .02).
Students in the intervention group also showed signifi-
cantly reduced use of asthma medication compared with 
students in the control group (P = .03). Students in the 
intervention group showed reduced use of ADHD medica-
tion compared with students in the control group (P = .07). 
The intervention group had a greater reduction in asthma 
medication use and ADHD medication use combined at 
follow-up  compared  with  the  control  group  (P  =  .005) 
(Table 2).
No significant differences were seen between the inter-
vention  and  control  groups  in  behavior  changes  from 
baseline as measured by the ISD work/social skills prog-
ress report (P = .86) (Table 2). No significant differences 
between  groups  were  seen  in  attitudes  toward  physical 
activity (P >.05). 
Academic performance measured by MAP achievement 
level  scores  showed  no  significant  differences  between 
the intervention and control groups in reading (P = .35) 
and  mathematics  (P  =  .15).  However,  as  measured  by 
ISD progress reports, significant differences in academic 
performance  were  observed.  In  mathematics,  the  con-
trol  group  had  a  greater  proportion  of  students  whose 
academic performance improved compared to that of the 
intervention group (28.6% vs 20.8%, P <.001). The propor-
tion of students in the control group whose reading level 
improved was also greater than that of the intervention 
group (21.1% vs 16.1%, P = .01). 
Discussion
This initial controlled study of ABC for Fitness suggests 
that the program can improve fitness, reduce medication 
use,  and  preserve  teaching  time  and  academic  perfor-
mance.  The  program  can  be  used  in  elementary  school 
classrooms with minimal interruptions in daily classroom 
management related to academics and classroom behavior. 
We found that students in the intervention group improved 
significantly  in  physical  fitness  and  in  reduced  use  of 
ADHD and asthma medication compared with the control 
group. Few differences were observed between the inter-
vention and control schools in terms of physical activity 
attitudes, academic performance, and classroom behavior; 
however, measures such as these are less likely to show 
improvement  in  the  short  term.  This  study  successfully 
influenced some of the “upstream” factors that over time 
can influence measures of weight and overall health.
Several studies have shown how classroom-based physi-
cal activity programs can effectively improve behavior and 
increase  in-school  physical  activity  and  overall  physical 
activity (20,21). Our study also demonstrates the efficacy 
of classroom-based physical activity without any change in 
basic curriculum. This distinction is meaningful because 
no extra time needs to be devoted to the program as a 
result of increased classroom time efficiency. Focus groups 
showed  acceptance  by  students,  teachers,  parents,  and 
administrators. Even the best programs will not work if 
they are not accepted and implemented enthusiastically. 
The compatibility of the ABC for Fitness program with 
the prevailing needs and priorities of schools is suggested 
by the widespread dissemination of the program by word-
of-mouth alone; to our knowledge, hundreds and perhaps 
thousands of US schools are using the program (13).
Previous programs have attempted to add a new sec-
tion  into  the  curriculum,  which  forces  the  reduction  or 
elimination of other educational time. The ABC for Fitness 
program  can  reduce  downtime  and  increase  teaching 
time. As several schools decrease the amount of time and 
money spent on physical education (22), this program is an 
alternative; training time is minimal, and no specialists or 
extra equipment is required.
This intervention was not projected to change anthropo-
metric measures in the short term, although that is a goal. 
The program may take years to influence health outcomes; 
meanwhile, other factors such as dietary patterns and social 
environments will need to be addressed. A more in-depth 
intervention, performed over a longer period, would allow 
these outcomes to be elucidated. As with ABC for Fitness, 
other health promotion programming can be targeted to 
the existing school calendar and meet these goals without 
interfering with the primary mission of schools (23). 
This  study  showed  improvements  in  measures  of  fit-
ness during 1 school year. Childhood physical activity has 
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been shown to have a positive correlation with well-being 
in adulthood (24-26), in part because of the development 
and maintenance of good habits. A recent study has also 
concluded  that  physical  activity  may  be  positively  cor-
related  with  academic  achievement  (2).  Studies  have 
suggested that physical activity can decrease the symp-
toms of ADHD (27,28) and asthma (29-32). Our program 
echoed these findings by showing a significant decrease 
in medication use for asthma and a decrease in ADHD 
medication.
One concern of adding a new curriculum is the effect 
on behavior and academic performance, especially if the 
program  involves  physical  activity.  The  program  was 
designed with the intent to replace the time that teach-
ers use to settle students down with structured activity 
bursts. By designing the program in this manner, it was 
believed that the time lost with the ABC program would 
not worsen academic performance or classroom behavior; 
this appears to be the case, because no significant change 
was seen in classroom behavior or MAP scores. Several 
studies have suggested the potential for physical activity 
to improve academics (2,33,34). 
BMI decreased significantly in the control group com-
pared  with  the  intervention  group.  Most  studies  that 
have evaluated the effects of physical activity on BMI in 
elementary schools have found no beneficial effect (35). It 
is unclear why in this study, the control group was associ-
ated with reduced BMI.
Our study had several limitations. First, our population 
was not a true cross-section of all children; ISD is just 1 
school district in the midwestern United States. The ISD 
population is predominantly white and has a high propor-
tion of low-income students. The sample was small. Only 
1 school district was used for the study, which made it dif-
ficult to assess academic performance and develop a large 
enough power to assess all outcome measures. The periods 
of intervention and follow-up were limited.
We plan a larger-scale study based on the results of this 
study that will entail a larger cohort and multiple school 
districts for a more accurate cross-section of US children, 
better  teacher  training,  and  longer  follow-up  to  allow 
ample time to see results. Additionally, we plan to com-
bine ABC for Fitness with other intervention components, 
including nutritional education to children and parents, to 
influence downstream measures.
This  study  demonstrates  the  feasibility  of  bursts  of 
structured physical activity for elementary school students 
for 30 minutes or more of daily physical activity without 
reducing teaching time or requiring any special facilities. 
Beneficial effects on daily physical activity, fitness, and 
measures of health are suggested. The program can easily 
be incorporated into almost any school routine. Thus, we 
recommend concurrent replication and dissemination and 
more intensive study of the program.
Acknowledgments
Funding  for  this  project  was  provided  in  part  by  the 
Health Care Foundation of Greater Kansas City.
Author Information
Corresponding Author: David L. Katz, MD, MPH, Yale-
Griffin Prevention Research Center, 130 Division St, Derby, 
CT 06418. Telephone: 203-732-1265. E-mail: katzdl@pol.
net with copy to shelli.larovera@yalegriffinprc.org.
Author Affiliations: Daniel Cushman, Jesse Reynolds, 
Valentine  Njike,  Judith  A.  Treu,  Catherine  Katz,  Yale 
University  School  of  Medicine,  Derby,  Connecticut; 
Jennifer  Walker,  Erica  Smith,  Independence  School 
District, Independence, Missouri.
References
 1.  2008  Physical  activity  guidelines  for  Americans. 
US  Department  of  Health  and  Human  Services. 
http://www.health.gov/physicalactivityGUIDELINES/ 
guidelines/default.aspx#toc. Accessed March 16, 2010.
 2.  Chomitz  VR,  Slining  MM,  McGowan  RJ,  Mitchell 
SE,  Dawson  GF,  Hacker  KA.  Is  there  a  relation-
ship between physical fitness and academic achieve-
ment?  Positive  results  from  public  school  children 
in  the  northeastern  United  States.  J  Sch  Health 
2009;79(1):30-7.
 3.  Powell KE, Roberts AM, Ross JG, Phillips MA, Ujamaa 
DA, Zhou M. Low physical fitness among fifth- and 
seventh-grade  students,  Georgia,  2006.  Am  J  Prev 
Med 2009;36(4):304-10. 
 4.  Al-Nakeeb Y, Duncan MJ, Lyons M, Woodfield L. Body 
fatness and physical activity levels of young children. 
6  Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2010/jul/09_0176.htm
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the 
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and 
does not imply endorsement by any of the groups named above.Ann Hum Biol 2007;34(1):1-12.
 5.  Olds TS, Ridley K, Tomkinson GR. Declines in aerobic 
fitness: are they only due to increasing fatness? Med 
Sport Sci 2007;50:226-40.
 6.  Malina RM. Physical fitness of children and adoles-
cents in the United States: status and secular change. 
Med Sport Sci 2007;50:67-90.
 7.  Dietz WH. Overweight in childhood and adolescence. 
N Engl J Med 2004;350(9):855-7.
 8.  Kropski JA, Keckley PH, Jensen GL. School-based obe-
sity prevention programs: an evidence-based review. 
Obesity 2008;16(5):1009-18. 
 9.  Story M, Kaphingst KM, French S. The role of schools 
in  obesity  prevention.  Future  Child  2006;16(1):109-
42.
10. Story  M,  Nanney  MS,  Schwartz  MB.  Schools  and 
obesity prevention: creating school environments and 
policies to promote healthy eating and physical activ-
ity. Milbank Q 2009;87(1):71-100.
11. Peterson  KE,  Fox  MK.  Addressing  the  epidemic  of 
childhood obesity through school-based interventions: 
what has been done and where do we go from here? J 
Law Med Ethics 2007;35(1):113-30.
12. Katz  DL.  Nutrition  detectives.  http://www. 
davidkatzmd.com/nutritiondetectives.aspx.  Accessed 
March 16, 2010.
13. Katz  D.  ABC  for  Fitness.  http://www.davidkatzmd.
com/abcforfitness.aspx. Accessed March 16, 2010. 
14. Independence  School  District  core  data  as  report-
ed  to  the  Missouri  Department  of  Elementary  and   
Secondary  Education.  Independence  (MO): 
Independence School District; 2005.
15. Missouri  physical  fitness  assessment:  Missouri 
Department of Elementary and Secondary Education; 
2004.
16. Choices Survey report 2005-2006. Independence (MO): 
Independence Health Department; 2006.
17. Data from the Youth Risk Behavior Survey. Jefferson 
City (MO): Missouri Department of Elementary and 
Secondary Education; 2002. 
18. Welk GJ, Meredith MD. Fitnessgram/Activitygram ref-
erence guide. Dallas (TX): The Cooper Institute; 2008. 
http://www.cooperinstitute.org/ourkidshealth/fitness-
gram/documents/FITNESSGRAM_ReferenceGuide.
pdf. Accessed March 16, 2010. 
19. Hoelscher  DM,  Day  RS,  Kelder  SH,  Ward  JL. 
Reproducibility  and  validity  of  the  secondary  level 
school-based  nutrition  monitoring  student  question-
naire. J Am Diet Assoc 2003;103(2):186-94.
20. Mahar MT, Murphy SK, Rowe DA, Golden J, Shields 
AT,  Raedeke  TD.  Effects  of  a  classroom-based  pro-
gram on physical activity and on-task behavior. Med 
Sci Sports Exerc 2006;38(12):2086-94.
21. Liu A, Hu X, Ma G, Cui Z, Pan Y, Chang S, et al. 
Evaluation of a classroom-based physical activity pro-
moting programme. Obes Rev 2008;9(Suppl 1):130-4.
22. Dollman J, Norton K, Norton L. Evidence for secular 
trends in children’s physical activity behaviour. Br J 
Sports Med 2005;39:892-7.
23. Katz DL, O’Connell M, Njike VY, Yeh MC, Nawaz H. 
Strategies  for  the  prevention  and  control  of  obesity 
in  the  school  setting:  systematic  review  and  meta- 
analysis. Int J Obes (Lond) 2008;32(12):1780-9.
24. Lotan M, Merrick J, Carmeli E. Physical activity in 
adolescence. A review with clinical suggestions. Int J 
Adolesc Med Health 2005;17(1):13-21.
25. Hallal  PC,  Victora  CG,  Azevedo  MR,  Wells  JC. 
Adolescent physical activity and health: a systematic 
review. Sports Med 2006;36(12):1019-30.
26. Janz KF, Dawson JD, Mahoney LT. Tracking physical 
fitness  and  physical  activity  from  childhood  to  ado-
lescence: the Muscatine study. Med Sci Sports Exerc 
2000;32:1250-7.
27. Kiluk BD, Weden S, Culotta VP. Sport participation 
and anxiety in children with ADHD. J Atten Disord 
2009;12(6):499-506. 
28. Tantillo  M,  Kesick  CM,  Hynd  GW,  Dishman  RK. 
The  effects  of  exercise  on  children  with  attention-
deficit hyperactivity disorder. Med Sci Sports Exerc 
2002;34(2):203-12.
29. Vlaski  E,  Stavric  K,  Seckova  L,  Kimovska  M, 
Isjanovska  R.  Influence  of  physical  activity  and   
television-watching time on asthma and allergic rhini-
tis among young adolescents: preventive or aggravat-
ing?  Allergol  Immunopathol  (Madr)  2008;36(5):247-
53.
30. Moreau D, Kalaboka S, Choquet M, Annesi-Maesano 
I.  Asthma,  obesity,  and  eating  behaviors  according 
to  the  Diagnostic  and  Statistical  Manual  of  Mental 
Disorders  IV  in  a  large  population-based  sample  of 
adolescents. Am J Clin Nutr 2009;89(5):1292-8. 
31. Priftis  KN,  Panagiotakos  DB,  Antonogeorgos  G, 
Papadopoulos M, Charisi M, Lagona E, et al. Factors 
associated with asthma symptoms in schoolchildren 
from  Greece:  the  Physical  Activity,  Nutrition  and 
Allergies in Children Examined in Athens (PANACEA) 
study. J Asthma 2007;44(7):521-7.
32. Nystad  W,  Nafstad  P,  Harris  JR.  Physical  activ-
VOLUME 7: NO. 4
JULY 2010
  www.cdc.gov/pcd/issues/2010/jul/09_0176.htm • Centers for Disease Control and Prevention  7
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the 
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and 
does not imply endorsement by any of the groups named above.VOLUME 7: NO. 4
JULY 2010
ity affects the prevalence of reported wheeze. Eur J 
Epidemiol 2001;17(3):209-12.
33. Shore SM, Sachs ML, Lidicker JR, Brett SN, Wright 
AR,  Libonati  JR.  Decreased  scholastic  achievement 
in overweight middle school students. Obesity (Silver 
Spring) 2008;16(7):1535-8.
34. Carlson SA, Fulton JE, Lee SM, Maynard LM, Brown 
DR, Kohl HW 3rd, et al. Physical education and aca-
demic achievement in elementary school: data from 
the Early Childhood Longitudinal Study. Am J Public 
Health 2008;98(4):721-7. 
35. Dobbins M, De Corby K, Robeson P, Husson H, Tirilis 
D.  School-based  physical  activity  programs  for  pro-
moting physical activity and fitness in children and 
adolescents aged 6-18. Cochrane Database Syst Rev 
2009;21(1):CD007651.
  Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2010/jul/09_0176.htm
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the US Department of Health and Human Services, the 
Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions. Use of trade names is for identification only and 
does not imply endorsement by any of the groups named above.
Tables
Table 1. Characteristics of Elementary School Children in the ABC for Fitness Program, Independence, Missouri, 2007-2008
Characteristic
Intervention 
(n = 655) 
Control 
(n = 559)  P Value
Sex, n (%)
Boys 26 (49.) 267 (47.)
.49
Girls 29 (0.2) 292 (2.2)
Grade level, n (%)
Second 219 (.4) 14 (2.9)
.9 Third 217 (.1) 16 (.)
Fourth 219 (.4) 19 (.)
Age, n (%)
7 y 16 (26.0) 14 (2.7)
.9  y 214 (.0) 176 (1.6)
≥9 y 27 (41.1) 2 (42.7)
Anthropometric measures, median (IQR)
Weight, lb  67.0 (.0-2.0) 6.0 (.0-7.0) <.01
BMI, kg/m²  17.7 (16.1-20.4) 17. (1.-19.9) .06
BMI percentile 74.0 (0.0-91.0) 71.0 (44.0-90.0) .21
Physical fitness, mean (SD)
Aerobic capacity, VO2max
a 46.0 (44.0-4.0) 46.2 (44.-49.2)
<.01
Abdominal strength (curl-ups) 1.0 (.0-2.0) 17.0 (.0-2.0)
Upper-body strength (90-degree push-ups) 6.0 (2.0-12.) 1.0 (9.0-1.0)
Trunk extensor (trunk lifts) 7.0 (6.0-9.0) .0 (7.0-9.)
Left-side flexibility (back-saver sit and reach) 10.0 (.0-11.0) 11.0 (.-2.0)
Right-side flexibility (back-saver sit and reach) 10.0 (.-11.0) 11. (9.0-24.0)
 
Abbreviations: ABC, Activity Bursts in the Classroom; IQR, interquartile range; BMI, body mass index; ADHD, attention-deficit hyperactivity disorder; MAP, 
Missouri Academic Performance; ISD, Independence School District. 
a VO2max is maximal oxygen consumption, a proxy for general fitness.
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Characteristic
Intervention 
(n = 655) 
Control 
(n = 559)  P Value
Medication use, n (%)
ADHD  21 (.2) 14 (2.) .47
Asthma  7 (.6) 26 (4.7) .44
Either medication   (.) 40 (7.2) .29
Physical activity attitudes, mean (SD)
Physical activity survey total score  9. (7.2-11.4) .9 (6.7-11.1) .0
Classroom behavior, mean (SD)
Progress report: work/social skills mean score  2.7 (2.-.1) 2. (2.4-.2) .02
2007 MAP scores for third-grade students, %
Mathematics achievement level 
Below basic 4.0 1.9
.14
Basic 6.4 2.9
Proficient 9.9 1.0
Advanced 19.7 14.2
Communication arts achievement level
Below basic .6 4.
.22
Basic 4.4 7.4
Proficient 27.6 .1
Advanced 2. 20.0
2007-2008 ISD progress report scores, %
Mathematics: numbers operations
Below basic 4.1 4.6
.0
Basic 4.0 42.6
Proficient 9. 1.4
Advanced 2.6 1.4
Communication arts: reading level 
Below basic .2 .0
.4
Basic 22. 22.9
Proficient . 42.6
Advanced 1.0 26.
 
Abbreviations: ABC, Activity Bursts in the Classroom; IQR, interquartile range; BMI, body mass index; ADHD, attention-deficit hyperactivity disorder; MAP, 
Missouri Academic Performance; ISD, Independence School District. 
a VO2max is maximal oxygen consumption, a proxy for general fitness.
Table 1. (continued) Characteristics of Elementary School Children in the ABC for Fitness Program, Independence, Missouri, 
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Table 2. Changes from Baseline for Participants in the ABC for Fitness Program, Independence, Missouri, 2007-2008
Characteristics Intervention Group Control Group P Value
Anthropometric measures, median (IQR)
Weight, lbs .0 (2.0 to 7.0) 4.0 (1.0 to 7.0) .01
BMI, kg/m² 0.3 (−0.2 to 0.8) 0.1 (−0.3 to 0.7) .02
BMI percentile 0 (−4.0 to 2.3) −1.0 (−6.0 to 2.0) .07
Physical fitness, median (IQR)
Aerobic capacity, VO2max
a −1.0 (−1.2 to 1.2) −1.0 (−1.2 to 1.3) .02
Abdominal strength (curl-ups) 9.0 (0.0 to 2.) 0.0 (−4.0 to 7.0) <.001
Upper-body strength (90-degree push-ups) 2.0 (0.0 to 6.0) 0.0 (−3.5 to 2.0) <.001
Trunk extensor (trunk lifts) 1.0 (0.0 to .0) 1.0 (0.0 to 2.0) <.001
Left-side flexibility (back-saver sit and reach) 0.0 (−1.0 to 0.5) 0.0 (−1.0 to 0.5) .
Right-side flexibility (back-saver sit and reach) 0.0 (−.05 to 1.0) 0.0 (−0.5 to 1.0) .0
Medication use, n (%)
ADHD (yes changed to no) 7 (.) 1 (7.1) .07
ADHD (no changed to yes) 6 (0.9) 4 (0.7) .70
Asthma (yes changed to no)  (16.7) 0 (0) .0
Asthma (no changed to yes) 0 (0.0) 1 (0.2) .
Either medication (yes changed to no) 12 (2.) 1 (2.6) .00
Either medication (no changed to yes) 6 (1.0) 4 (0.) .6
Physical activity attitudes, mean (SD)
Physical activity survey total score  0.02 (−2.14 to 2.18) 0.19 (−1.83 to 2.21) .41
Classroom behavior, mean (SD)
Progress report: work/social skills 0.04 (−0.21 to 0.29) 0.05 (−are for all available 
grades. 0.21 to 0.1)
.6
 
Abbreviations: ABC, Activity Bursts in the Classroom; IQR, interquartile range; BMI, body mass index; ADHD, attention-deficit hyperactivity disorder. 
a VO2max is maximal oxygen consumption, a proxy for general fitness.
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